


Survey of High-Energy Physics Support at U.S. Universities
A Summary of the Data

An essential element of the national high-energy physics program is the
engineering and technical infrastructure at U.S. universities, a vital
underpinning of the experimental research effort that engages faculty physicists,
postdoctoral fellows, and graduate students.  Formal HEPAP interest in the
continuing health of this infrastructure dates back more than two years.  In May
1995, funding data collected from the largest universities indicated declining
fiscal support, roughly constant numbers of scientific staff and students, and
thus diminishing resources for technical infrastructure.

To pursue this issue in greater depth, HEPAP established the Subcommittee
on University Infrastructure in March 1996.  Its members were Melissa Franklin,
Harvard University (chair); Piermaria Oddone, LBNL; Roberto Peccei, UCLA;
and William Willis, Columbia University.  Among its efforts, the Subcommittee
collected budget data from the DOE’s Division of High-Energy Physics and
prepared a database for all DOE-funded universities.  Budget data alone,
however, did not allow a confident characterization of university infrastructure.
The Subcommittee reported its conclusions and recommendations in October
1996.  Chief among these were the recommendations that HEPAP establish a
formal subpanel on university issues and that a survey be undertaken to gather
more complete data pertinent to the infrastructure issue.

THE SURVEY

A questionnaire to survey the extent and health of infrastructure support for
high-energy physics research at U.S. universities was subsequently developed in
February 1997.  It was “tested” on several members of HEPAP, revised on the
basis of their suggestions, and converted to a Web-based form in the early
spring.  The Web version and the database associated with it were designed to
facilitate annual surveys and updates to the institutional data.  In late April,
faculty physicists were chosen to represent each of the 120 universities receiving
DOE or NSF support for high-energy physics research.  Each representative was
sent a hard copy of the survey form (attached as Appendix A) and instructions
for accessing the Web version.  The present summary reflects the responses of 99
university representatives—83% of those contacted.

The questionnaire sought to collect data in four broad areas:

























Table 1 - Personnel Summary

Data
Occupation Speciality Total HEP Staff DOE Grants DOE xfers POs NSF grants NSF xfers Nonfederal 
Faculty Physicist Accel Design 5.5 0.7 0.0 0.0 0.0 0.0 4.8

Experiment 416.4 52.2 0.1 0.0 19.4 0.2 332.0
Theory 351.5 34.7 0.0 0.0 17.3 0.0 293.9

Faculty Physicist Total 773.4 87.6 0.1 0.0 36.7 0.2 630.8
Graduate Student Accel Design 19.0 17.0 0.0 2.0 0.0 0.0 0.0

Experiment 523.0 325.4 2.3 3.0 93.9 1.0 74.1
Theory 361.0 104.8 0.0 0.0 41.3 0.0 171.0

Graduate Student Total 903.0 447.2 2.3 5.0 135.2 1.0 245.1
Non Faculty Physicist Accel Design 3.0 2.1 0.0 0.0 0.0 0.0 0.0

Experiment 157.0 95.8 1.5 0.1 24.9 0.3 19.3
Theory 10.0 3.1 0.5 0.0 0.0 0.0 6.4

Non Faculty Physicist Total 170.0 101.0 2.0 0.1 24.9 0.3 25.7
Post Doctoral Fellow Accel Design 6.0 4.0 0.0 0.0 0.0 0.0 2.0

Experiment 294.0 215.0 0.5 0.0 60.5 0.0 11.6
Theory 170.3 89.0 0.0 0.0 33.6 0.0 45.7

Post Doctoral Fellow Total 470.3 308.0 0.5 0.0 94.1 0.0 59.3
Prof support staff Computer Programmer 39.1 17.3 0.0 0.0 3.1 0.0 9.9

Engineer - Electronic 67.0 33.2 6.1 4.6 7.4 0.0 6.2
Engineer - Mechanical 36.0 14.1 1.7 2.0 2.6 2.5 3.0
Technician - Electronic 53.0 20.1 5.8 0.8 3.5 1.0 8.1
Technician - Mechanical 93.9 34.3 4.4 1.7 11.3 0.9 14.5

Prof support staff Total 289.0 118.9 18.0 9.1 27.9 4.3 41.6
Undergrad Student 254.5 41.2 4.0 3.6 15.0 1.2 12.7
Undergrad Student Total 254.5 41.2 4.0 3.6 15.0 1.2 12.7
Grand Total 2860.2 1103.9 26.8 17.7 333.9 7.0 1015.3
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Figure 1 - Total Number of Staff
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Figure 2 - Total Number of FTEs
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Figure 3 - Total Staff and FTE by University
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Figure 4 - Faculty FTE by Specialty
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Figure 5 - Senior Physicist FTE by Specialty
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Figure 6 - Post Doctorate FTE by Specialty
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Figure 7 - Graduate Student FTE by Specialty
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Figure 8 - Undergraduate FTE
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Figure 9 - Professional Support FTE
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Figure 10 - Ratio of Postdoctoral FTEs to Physicist FTEs
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Figure 11 - Ratio of Student FTEs to Physicist FTEs
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Figure 12 - Ratio of Support Staff FTEs to Physicist FTEs
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Figure 13 - Ratio of Senior Physicist FTEs to Faculty FTEs
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Table 2 - Apportionment of Current Effort

Data
ProjectName Current FTE Projected FTE
Accelerator R D/design 36.50 33.50
Brookhaven: AGS 46.65 23.77
CERN: ATLAS 54.84 133.44
CERN: CMS 48.40 135.85
CERN: LEP 95.86 22.47
CERN: Other 20.00 16.00
Cornell: CESR 131.22 84.00
DESY 54.30 38.40
Fermilab: CDF 170.22 158.64
Fermilab: D0 149.59 137.14
Fermilab: Fixed target exps 162.63 125.25
Field theory research 196.50 171.46
IHEP: BES 6.30 2.50
KEK: BELLE 15.30 28.60
Nonaccelerator experiments 204.04 213.37
Nonspecific expt research 13.60 13.00
Other non - US accelerators 14.50 6.50
Other theoretical research 41.76 37.63
Other US accelerators 11.60 23.90
Particle astrophysics theory 47.81 52.29
Phenomenology research 238.07 238.28
SLAC: BaBar 80.77 145.03
SLAC: Other 9.50 4.50
SLAC: SLD 38.18 0.00
String theory  research 136.53 143.05
Grand Total 2024.65 1988.56
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Table 3 - Apportionment of Current Effort at Top 30 Universities

Data
ProjectName Current FTE Projected FTE
Accelerator R D/design 33.00 31.00
Brookhaven: AGS 34.12 18.17
CERN: ATLAS 34.65 83.30
CERN: CMS 29.55 93.85
CERN: LEP 74.02 17.85
CERN: Other 16.00 6.00
Cornell: CESR 66.65 47.50
DESY 32.00 26.40
Fermilab: CDF 102.72 97.14
Fermilab: D0 87.85 82.10
Fermilab: Fixed target exps 92.25 93.50
Field theory research 116.52 96.08
IHEP: BES 5.00 2.00
KEK: BELLE 11.00 20.00
Nonaccelerator experiments 171.53 166.03
Nonspecific expt research 5.50 6.00
Other non - US accelerators 8.50 2.00
Other theoretical research 29.66 25.53
Other US accelerators 4.60 9.40
Particle astrophysics theory 32.68 34.71
Phenomenology research 154.48 156.10
SLAC: BaBar 53.70 87.70
SLAC: Other 8.00 1.00
SLAC: SLD 26.39 0.00
String theory  research 87.84 86.75
Grand Total 1318.20 1290.11
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Figure 14 - Mechanical Engineer Histogram
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Figure 15 - Electrical Engineer Histogram

0

2

4

6

8

10

12

14

  0:  9  20: 29  30: 39  40: 49  50: 59  60: 69  70: 79  90: 99 100:109 110:119 130:139

N
u

m
b

er
 o

f 
U

n
iv

er
si

ti
es

250-person-hr

1000-person-hr

3000-person-hr



Page 30

Figure 16 - Mechanical Technician Histogram
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Figure 17 - Electronics Technicians Histogram
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Table 4 - Number of High Energy Physics Graduate Students

Data
Year Experimental Theoretical
3rd year 125 90
4th year 92 73
5th year 107 72
6th year and above 102 48
Grand Total 426 283
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Table 5 - Number of High Energy Physics Graduate Students
Top 30 Universities

Data
Year Experimental Theoretical
3rd year 79 42
4th year 62 44
5th year 58 49
6th year and above 71 35
Grand Total 270 170
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Table 6 - Ph.D.'s in High-Energy Physics

Data
Year Experimental Theoretical
Phds awarded last year 124 68
Phds awarded this year (est) 121 88
Grand Total 245 156
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Table 7 - Ph.D.'s in High-Energy Physics
Top 30 Universities

Data
Year Experimental Theoretical
Phds awarded last year 74 46
Phds awarded this year (est) 77 59
Grand Total 151 105
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Table 8 - Student Interest in High-Energy Physics

Data
Level Much Higher Somewhat Higher About the Same Somewhat Lower Much Lower
About the same 1 2 15 13 0
Much higher 1 0 0 0 0
Much lower 0 0 1 0 2
Somewhat higher 2 7 4 2 0
Somewhat lower 0 1 0 18 25
Grand Total 4 10 20 33 27
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Table 9 - Projected New Hires

Projected Hires
Speciality Total
Accel Design 2
Experiment 86
Theory 51
Grand Total 139
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Table 10 - Projected New Hires
Top 30 Universities

Projected Hires
Speciality Total
Accel Design 1
Experiment 36
Theory 25
Grand Total 62
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Table 11 - Hiring Priority

Data
HiringSlot 0 1 2 3 4 5 6 7 Average
Four Graduate Students 0 14 21 24 15 4 3 7 3.13
One Elec Eng 0 8 9 9 11 16 15 8 4.25
One Mech Eng 0 2 6 6 3 10 25 22 5.38
One Post Doc & One Tech 0 23 20 21 11 3 1 0 2.42
One Software Eng 0 2 7 6 22 11 13 15 4.74
Two Post Docs 0 42 23 12 4 6 1 1 2.06
Two Techs 0 0 4 2 9 23 15 20 5.41
Grand Total 0 91 90 80 75 73 73 73 27.38
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Table 12 - Hiring Priority
Top 30 Universities

Data
HiringSlot 1 2 3 4 5 6 7 Average
Four Graduate Students 3 5 7 6 2 3 2 3.57
One Elec Eng 4 4 4 6 5 3 2 3.75
One Mech Eng 0 4 3 1 4 7 9 5.21
One Post Doc & One Tech 7 5 10 3 2 1 0 2.68
One Software Eng 0 4 1 5 4 8 6 5.04
Two Post Docs 14 5 3 3 2 0 1 2.21
Two Techs 0 1 0 4 9 6 8 5.54
Grand Total 28 28 28 28 28 28 28 28.00
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APPENDIX A

Survey of High-Energy Physics Support at U.S. Universities
      —The Questionnaire



SURVEY OF HIGH-ENERGY PHYSICS SUPPORT

AT U.S. UNIVERSITIES

The High Energy Physics Advisory Panel advises both the Department of
Energy and the National Science Foundation on the conduct of high-energy
physics research.  The following survey is an effort by HEPAP to assess trends in
the funding and staffing of high-energy physics projects at U.S. universities, and
in particular, the supporting technical and engineering infrastructure.  We are
asking you, as the correspondent for your institution, to provide information not
only for projects in which you are involved, but also for other high-energy
physics projects at your institution.

Please answer the questions as completely as you can, summarizing all high-
energy physics efforts at your institution.  Please write neatly.  Again, you are
the only person at your institution receiving this questionnaire.

For further information or clarification, please call Douglas Vaughan at
Lawrence Berkeley National Laboratory, phone 510/486-5698, e-mail
gdvaughan@lbl.gov.

Your name __________________________________________

Institution __________________________________________

Phone number __________________________________________

E-mail address__________________________________________



GENERAL INSTRUCTIONS:  QUESTIONS 1 AND 2

The first two questions request information on the distribution of high-energy
physics effort at your institution.  Most of the answers are to be given in terms of
full-time equivalents, or FTEs, where 1 FTE is equal to one calendar year’s effort
by a full-time staff member.  Some examples follow.

Example 1

The following staff configuration is represented in the table entries below:

    • 1 faculty theoretical physicist, supported for two months during the summer by an
NSF grant (note that each full-time faculty should be counted as 1 FTE, regardless
of the time spent teaching—in this example, time is therefore apportioned 2/12
NSF, 10/12 nonfederal)

    • 2 faculty experimental physicists, both supported for two months during the
summer by an NSF grant

    • 1 retired faculty experimental physicist, supported one-quarter time by an NSF
grant (note that retired faculty are shown as “other senior physicists”)

    • 1 nonfaculty accelerator physicist, supported one-half time by DOE base funding

No. of high energy physics FTEs supported by
No. of
HEP
staff

DOE
grants

DOE
xfers POs

NSF
grants

NSF
xfers

Non-
federal

Faculty physicists
Theoretical 1 0.17 0.83
Experimental 2 0.33 1.67
Accelerator design

Other senior physicists
Theoretical
Experimental 1 0.25
Accelerator design 1 0.50



Example 2

A second example:

    • 3 grad students (2 theoretical, 1 experimental), supported full-time by NSF grants

    • 1 grad student (experimental), supported by the institution for four months as a
teaching assistant, the rest of the time by a DOE grant (note that, for grad students,
the time spent teaching does not appear in the survey)

    • 2 undergraduate students, each supported one-quarter time for nine months by a
DOE grant (note that each therefore counts as 0.25 × 0.75 FTE)

No. of high energy physics FTEs supported by
No. of
HEP
staff

DOE
grants

DOE
xfers POs

NSF
grants

NSF
xfers

Non-
federal

.
Graduate students

Theoretical 2 2.00
Experimental 2 0.67 1.00
Accelerator design

Undergrad students 2 0.38

Example 3

    • 1 mechanical engineer, supported for three months by a DOE grant

    • 2 electronics engineers, each supported full-time by a purchase order from
Fermilab for work on CDF

    • 2 electronics engineers, each supported for six months by the transfer of DOE
funds from SLAC for BABAR support

    • 4 electronics technicians, supported for a total of six person-months of effort by a
DOE grant

Prof support staff
Mech engineers 1 0.25
Elec engineers 4 1.00 2.00
Computer pgmmers
Mech techs/machnsts
Elec technicians 4 0.50
Other (pls specify)

_______________

Questions 1 and 2 follow



1.  Personnel Engaged in High-Energy Physics Research

    • Please provide for your institution a breakdown of the staff engaged in all facets
of high-energy physics research during fiscal 1997 (Oct 1996–Sep 1997).  Indicate
the total number of staff, as well as the number of full-time equivalents supported
by

i.  DOE High Energy Physics grants (base funding)
ii.  The transfer of DOE funds from other institutions (usually DOE national labs),

typically earmarked for detector work
iii.  Purchase orders from national labs to build equipment
iv.  NSF grants (exclude the amount of any funds transferred to another institution)
v.  The transfer of NSF funds from other universities

vi.  Nonfederal sources of support, including state and university funds
One FTE reflects one calendar year’s effort by a full-time staff member; compute
each full-time faculty member as 1 FTE, regardless of nonresearch teaching
responsibilities.

No. of high-energy physics FTEs supported by
No. of
HEP
staff

DOE
grants

DOE
xfers POs

NSF
grants

NSF
xfers

Non-
federal

Faculty physicists
Theoretical
Experimental
Accelerator design

Other senior physicists
Theoretical
Experimental
Accelerator design

Postdoctoral fellows
Theoretical
Experimental
Accelerator design

Graduate students
Theoretical
Experimental
Accelerator design

Undergrad students
Prof support staff

Mech engineers
Elec engineers
Computer pgmmers
Mech techs/machnsts
Elec technicians
Other (pls specify)

_______________



2.  Apportionment of Current Effort

    • In the current fiscal year, how is the total effort of high-energy physicists (faculty
and other senior physicists, postdocs, and grad students) at your institution
apportioned among the field’s major projects?  How do you foresee effort being
apportioned in the year 2002, assuming a constant level of effort over the next five
years?  Please indicate levels of effort in full-time equivalents.

No. of FTEs (physicists only)
Current Projected 2002

Specific experiments
Brookhaven—AGS
Cornell—CESR
Fermilab—CDF

—D0
—Fixed-target expts

SLAC—BABAR

—SLD
—Other

Other U.S. accelerators
CERN—LEP

—ATLAS
—CMS
—Other

DESY
KEK—BELLE
IHEP—BES
Other non-U.S. accelerators
Nonaccelerator expts

Nonspecific experimental research
Accelerator R&D/design
Theoretical research

String theory
Field theory
Phenomenology
Particle astrophysics theory
Other theory

Other
_______________________
_______________________
_______________________



GENERAL INSTRUCTIONS:  QUESTION 3

Question 3 seeks to identify some of the important resources at your institution,
together with the costs of using those resources.  In answering the first part of
the question, provide reasonable detail about current capabilities and facilities
(including, for example, design expertise, unique experience in detector
fabrication, state-of-the-art shop facilities, etc.).

In the final part of the question, provide the fully burdened cost to federal
agencies for projects (of the three indicated sizes) done by engineers and
technicians.

Example

The following situation is reflected in the table entries below:

    • First $50,000 of effort by mechanical engineers (500 hours) or mechanical
technicians (667 hours) fully subsidized by the university (no cost to DOE or NSF)

    • 1 electronics engineer fully supported (1840 hours) by a DOE grant (base funding)

    • Additional engineering effort charged to specific projects at $100/hr; additional
technical support charged at $75/hr

Hourly cost for a project requiring an
annual expenditure of effort equal to

250
person-hrs

1000
person-hrs

3000
person-hrs

Mechanical engineers $0 $50 $83

Electronics engineers 100 100 100

Mechanical technicians 0 25 58

Electronics technicians 75 75 75

Note that the cost of electronics engineering is $100/hr, regardless of whether support
comes from base funding or a specific project.  For mechanical engineers and
mechanical technicians, the hours costs vary with the size of the project, owing to the
university subsidy.  For example, the hourly cost for a 3000-hour effort by mechanical
engineers is

(3000 – 500) × $100 / 3000 = $83

Questions 3 and 4 follow



3.  Current Engineering and Technical Capabilities and Costs

    • Briefly summarize the most important technical capabilities and facilities at your
institution.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

    • Briefly describe the high-energy physics equipment now being constructed or
assembled at your institution.  How is the engineering and technical effort being
paid for?

________________________________________________________________________

    • What are the most significant high-energy physics construction or assembly
projects your institution has completed in the past five years?  Do you still have
the capabilities to undertake such tasks?

________________________________________________________________________

________________________________________________________________________

    • What are the approximate fully burdened hourly costs to DOE or NSF for high-
energy physics jobs undertaken by engineers or technicians at your institution?
For each box, assume a single job, to be completed within one year by the indicated
engineers or technicians.  If such a job is too large for your institution, so indicate
with an “×” in the corresponding box.

Hourly cost for a project requiring an
annual expenditure of effort equal to

250
person-hrs

1000
person-hrs

3000
person-hrs

Mechanical engineers

Electronics engineers

Mechanical technicians

Electronics technicians



4.  Demographics

    • Please indicate the number of high-energy physics graduate students currently
enrolled at your institution (regardless of source of support), by current year of
study.

No. of grad students

Experiment Theory

3rd year

4th year

5th year

6th year and above

    • How many students received Ph.D.’s in high-energy physics last year?  How
many to you expect to receive them this year?

No. of Ph.D.’s awarded

Experiment Theory

Last year

This year (est)

    • Indicate your general impression of student interest in high-energy physics, as
compared with five and ten years ago.

Compared with five years ago: Compared with ten years ago:

m  Much higher m  Much higher

m  Somewhat higher m  Somewhat higher

m  About the same m  About the same

m  Somewhat lower m  Somewhat lower

m  Much lower m  Much lower



    • How many new, full-time, tenured and tenure-track high-energy physics faculty
do you expect (or guess) your institution will hire over the next three years?
Include new hires to replace retiring faculty or faculty not granted tenure, and
assume a constant level of DOE/NSF support (in FY97 dollars).

No. of projected
new hires

Theoretical physicists

Experimental physicists

Accelerator physicists

    • Indicate the additional high-energy physics staff needs at your institution by
assigning a priority order (1 highest, 7 lowest) to the following choices.  Assume
that additional funding would be available to support your staff choices.

Priority

Two postdoctoral fellows

One mechanical engineer

One electronics engineer

One software systems engineer

One postdoc and one technician

Two technicians

Four graduate students

________________________________________________________________________

Please return this questionnaire to

Douglas Vaughan
Lawrence Berkeley National Laboratory
Building 50A-4119
1 Cyclotron Road
Berkeley, California  94720



APPENDIX B

Additional Figures

B-1: Ratio of Postdoctoral FTEs to Faculty FTEs
B-2: Ratio of Student FTEs to Faculty FTEs
B-3: Ratio of Support Staff FTEs to Faculty FTEs
B-4: Ratio of Senior Physicist FTEs to Faculty FTEs, Supported by DOE
B-5: Ratio of Postdoctoral FTEs to Faculty FTEs, Supported by DOE
B-6: Ratio of Student FTEs to Faculty FTEs, Supported by DOE
B-7: Ratio of Support Staff FTEs to Faculty FTEs, Supported by DOE
B-8: Ratio of Senior Physicist FTEs to Faculty FTEs, Supported by NSF
B-9: Ratio of Postdoctoral FTEs to Faculty FTEs Supported by NSF
B-10: Ratio of Student FTEs to Faculty FTEs Supported by NSF
B-11: Ratio of Support Staff FTEs to Faculty FTEs Supported by NSF
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B-1 - Ratio of Postdoctoral FTEs to Faculty FTEs
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B-2 - Ratio of Student FTEs to Faculty FTEs
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B-3 - Ratio of Support Staff FTEs to Faculty FTEs

0

0.5

1

1.5

2

2.5

M
IT

M
ich

iga
n

Har
va

rd

M
inn

es
ot

a

UCSB

Flor
ida

 S
ta

te
Uta

h

Colo
ra

do VPI

Tex
as

 A
&M

U. M
as

s. 
Am

he
rs

t

Okla
ho

m
a

Pitts
bu

rg
h

W
ay

ne
 S

ta
te

Io
wa

New
 M

ex
ico

Alab
am

a

SUNY B
uf

fa
lo

Colo
ra

do
 S

ta
te

Nor
th

 C
ar

oli
na

Neb
ra

sk
a-

 L
inc

ol

How
ar

d

St. 
M

ar
ys

, C
A

Rich
m

on
d

Bay
lor

Ball
 S

ta
te

Dela
war

e

Kan
sa

s S
ta

te

Ohio
 S

ta
te

Syr
ac

us
e



Page 18

B-4 - Ratio of Senior Physicist FTEs to Faculty FTEs Supported by DOE grants, transfers or POs
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B-5 - Ratio of Postdoctoral FTEs to Faculty FTEs supported by DOE grants, transfers, or POs
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B-6 - Ratio of Student FTEs to Faculty FTEs supported by DOE grants, transfers or POs
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B-7 - Ratio of Support Staff FTEs to Faculty FTEs supported by DOE grants, transfers or POs
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B-8 - Ratio of Senior Physicist FTEs to Faculty FTEs supported by NSF grants or transfers
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B-9 - Ratio of Postdoctoral FTEs to Faculty FTEs supported by NSF grants or transfers
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B-10 - Ratio of Student FTEs to Faculty FTEs supported by NSF grants or transfers
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B-11 - Ratio of Support Staff FTEs to Faculty FTEs supported by NSF grants or transfers
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